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1. Background

Chemical warfare survivability is mandated by U.S. Army Regulation (AR) 750-1 (1), which the
U.S. Marine Corps also follows. This means that all tactical equipment (including combat,
combat support, essential ground support equipment, tactical wheeled vehicles, and aircraft)
must be hardened against performance degradation caused by chemical warfare agents or
decontamination procedures. Therefore, virtually everything in the U.S. Army and U.S. Marine
Corps inventory, plus U.S. Air Force vehicles and equipment procured through the U.S. Army, is
painted with a chemical agent resistant coating (CARC) meeting one of two military
specifications: MIL-C-46168 (2) or MIL-C-53039 (3). However, Federal and local regulations
resulting from the “Clean Air Act” (4) and its amendments have resulted in restrictions on the
volatile organic compound (VOC) content contained in and emitted during the application of
protective coatings. The previously mentioned topcoats have Federal VOC limits set at

3.5 Ib/gal, but local governments are permitted to set lower limits, and many, such as the San
Diego Air Quality Management District (which has a limit of 2.8 1b/gal), have done so. In
addition, total emission restrictions imposed on some facilities are such that a limit of 1.8 1b/gal
must be achieved for the facility to stay in production. Finally, many of the solvents are
hazardous air pollutants (HAPs) either as listed by the Clean Air Act Amendments of 1990 or
targeted by the Environmental Protection Agency (EPA) 33/50 Industrial Toxics Project (5).

When the U.S. Army first used the CARC system on tactical equipment in the early 1980s, it was
in compliance with environmental regulations in effect at that time. However, Federal and local
regulations have since resulted in further restrictions in the amount of VOCs and HAPs that can
be emitted during the application and curing of protective coatings. The current approach to the
problem is either to incur the high cost of procuring, installing, and maintaining an emission
control system or to deviate from the CARC requirement and utilize a coating that meets
environmental regulations but does not provide chemical agent resistance. The former approach
can be economically prohibitive, and the latter approach results in a severe compromise to
mission readiness.

The technology to be demonstrated/validated (dem/val) was developed primarily under the
Strategic Environmental Research and Development Program (SERDP) Project PP #1056 (6),
which was initiated in FY97 and was funded by SERDP through FY99. The tri-Service team
members included ARL; the Naval Surface Warfare Center, Carderock Division (NSWCCD)
representing the U.S. Marine Corps; and the Air Force Research Laboratory (AFRL).
Responsibilities in the effort were divided as follows: the U.S. Army was the lead organization
and was responsible for the research and development portion of the program, the U.S. Navy was
responsible for the application part, and the U.S. Air Force was responsible for the stripping
aspects. Using recent developments in polymer and pigmentation technology, ARL was




successful in developing a high-performance water reducible, water dispersible (WD) CARC
polyurethane topcoat. The formulation developed under the SERDP project succeeded in
meeting the VOC objective of 1.8 Ib/gal and has eliminated HAPs as well. In addition to being
fully environmentally compliant, the new coating shows significant performance enhancements,
as evidenced by improvements in low-temperature flexibility, mar resistance, and weathering
durability. A U.S. Patent has been awarded for the WD formula that was the basis of the SERDP
effort (7).

Currently used CARC coating formulations contain 3.5 Ib/gal of VOCs. The current annual
usage nationwide is estimated to be 3.0 million gal/year. A CARC targeted to a 1.8 Ib/gal VOC
limit would save at least 5 million Ib of VOCl/year in the application of the coating,
proportionately reduce photochemical smog generation, and avert Notices of Violation at user
facilities including depots, air logistic centers (ALCs), military bases, and original equipment
manufacturers. Those VOCs that would be eliminated include methyl isobutyl ketone, methyl
isoamyl ketone, toluene, xylene, and butyl acetate, most of which are HAPs. Furthermore, the
technology developed by this project will eliminate the need to install emission control devices
such as carbon absorption and/or incineration units to bring facilities into VOC compliance.
This will result in a cost avoidance at a typical ALC or depot of $5 million for equipment and
installation and an annual operating cost avoidance of $250,000. Since there are ~10 such
facilities that would require pollution controls if low VOC formulations were not developed, the
total cost avoidance would be $50 million for equipment and installation and $2.5 million saved
in annual operating costs.

By developing one CARC topcoat for use by all the Services, substantial savings will result in
procurement and logistics operations. A single CARC formulation will result in procuring larger
quantities than would otherwise be possible, with increased competition tending to drive the
price down. Planning, transportation, and storage will be simplified by having one coating for all
Services that will also result in reducing costs of these operations. Since the WD CARC is a
superior product (enhanced mar resistance, flexibility, and weathering durability) compared to
current CARGC, it is expected that its service life will greatly exceed that of the current material
and will therefore not require stripping and repainting as often.

The same tri-Service team previously mentioned was funded by the Environmental Security
Technology Certification Program (ESTCP) for FY00 through FY02 to dem/val the WD CARC
technology developed in the laboratory-scale SERDP effort to assist in transitioning it to the
field. The method chosen was to select three depot facilities, one for each of the participating
Services, and verify its performance when applied to military equipment in a production
environment, using a full-scale production batch prepared by an industrial coating manufacturer.
During the application demonstration, test panels would be prepared to be used in later studies of
coating removal at the same depot facilities. The following facilities and dates were selected for
the ESTCP dem/val effort:



* U.S. Marine Corps: Barstow Marine Corps Logistics Base, Barstow, CA, 9—11 May 2000;
* U.S. Air Force: Ogden Air Logistics Center, Ogden, UT, 28-30 August 2000;

* U.S. Army: Tobyhanna Army Depot (TYAD), Tobyhanna, PA,
30 October—2 November 2000.

The U.S. Army demonstration site, TYAD, is the largest full-service communications-electronics
maintenance facility in the Department of Defense with over 3000 employees. The depot’s
mission includes the design, manufacture, repair, overhaul, and fabrication of hundreds of
communications and electronics systems. Communications-electronics (C-E) systems supported
by Tobyhanna include communications, command and control, surveillance and target
acquisition, airborne electronics intelligence and electronic warfare, electronic support
equipment, and power systems. TYAD is a leader in the areas of automatic test equipment,

systems integration, and the downsizing of military C-E systems. Its capabilities can be
summarized as follows:

C-E Source of Repair (SOR):
» Communication systems,
* Command and control systems,
* Surveillance and target acquisition systems,
* Avionics systems,
* Intelligence and electronic warfare systems,
* Automatic data processing systems power systems, and
» Electronic support equipment and systems.
Worldwide Technical Assistance:
+ Field service support,
» Customer assistance hotline, and
* Forward repair activities.
Special Missions:
* Satellite communications (SATCOM) support, and

* Communications security (COMSEC) support.




Fabrication Support:
+ TFlexible computer integrated manufacturing (FCIM),

+ Nondevelopment item (NDI)/commercial off-the-shelf (COTS) equipment ruggedizing and
hardening,

» C-E systems downsizing and prototyping,
« Installation kits,
¢ Circuit card assemblies,
» Equipment rack systems,
« Switch/junction boxes distribution boxes/panels,
« Mobile equipment power plants,
« Power units/generators, and
» Textile goods fabrication.
Engineering and Technical Support:
* Electronics design,
* Mechanical design,
» Technical data package (TDP) development,
» Configuration management,
* Project management,
» Engineering support,
e Test program set (TPS) support,
o Test development laboratory,
» Integrated logistics support,
» Technical publications support,
¢ Product assurance,
» Safety engineering, and

» Human engineering.



2. Test Procedures

Since the object of the dem/val was to demonstrate the “drop-in” nature of the WD CARC,
several pieces of defense equipment were selected to be painted along with a matrix of test
panels necessary to characterize the applied coating and verify the acceptability of its
performance. Prior to the actual dem/val, a site visit was made on 13 September 2000, at which
the program background and goals were presented to TYAD personnel, along with proposed
procedures to be used at the demonstration. The contents of that briefing are in Appendix A.
The ESTCP team provided TYAD personnel with background information about the coating,
focused on the SERDP efforts, application, anticipated performance, stripping considerations,
safety and environmental issues, availability, and implementation plans. The application process
was to be conducted in accordance with standard U.S. Army procedures and health and safety
guidelines. TYAD agreed to provide 3—5 production-type items for the demonstration.
Subsequently, a formal memorandum (Appendix B) was submitted to TYAD management. The
actual dem/val was held during the period 30 October—1 November 2000.

Prior to the arrival of the ESTCP team members, TYAD personnel had selected several pieces of
equipment and components typical of their production. This included Gichner Mobile Systems
(GMS)-250 shelters, 9000-Btu air conditioning (AC) units, 5T fuel trailer legs, a 3199 antenna
pedestal base, and AN/TRC-170 antenna trailer components. All had been prepared for final
topcoat application on reworked equipment. This included, as appropriate, media blasting to
remove corrosion, pretreatment with wash primer in accordance with DOD-P-15328 (8), and

application of anticorrosive primer MIL-P-53030A (9), manufactured by Deft Chemical
Coatings.

Aluminum and steel test panels were provided by each Service for concurrent application of the
WD CARC system. These panels were used for laboratory testing by each agency involved in
the project. The panels provided by NSWCCD were used for various tests to characterize the
coating. These tests include the following: adhesion, specular gloss, color difference, viscosity,
and Taber abrasion. The results are provided in this report. The panels provided by the Army
were used for color, gloss, Decontaminating Solution No. 2 (DS2) resistance, chemical agent
resistance, and accelerated weathering. The Air Force panels were exposed to accelerated
weathering for 10 months prior to being used in the ESTCP stripping study scheduled for
November 2001 at TYAD. The steel panels provided by NSWCCD had a zinc phosphate
pretreatment (TT-C-490 (10) type I) as prepared by Metal Samples, Inc., Munford, AL. The
aluminum panels had a chromic acid anodized pretreatment (MIL-A-8625 (11) type I) as applied
by All Steel Fabricators Co., Inc., Bala Cynwyd, PA. The steel panels provided by the Army
also had the same type of zinc phosphate pretreatment, which was applied by the manufacturer,
ACT Laboratories, Inc., Hillsdale, MI. The Air Force provided both steel and aluminum panels.




The steel panels were pretreated with zinc phosphate by Metal Samples, Inc., and the aluminum
panels were provided with a chromate conversion pretreatment per MIL-C-5541 (12), class 1A.

The MIL-P-53030 epoxy primer, manufactured by Deft Chemical Coatings Co., was applied to the

test panels on 30 October 2000, in the small parts area of Building 1A. The ESTCP team members

were present during the application. The panels were laid out horizontally on a table, and the

primer was applied with a Graco Delta 2000 high-volume, low-pressure (HVLP) siphon feed cup

gun. No runs, sags, or other defects were noted. The panels were allowed to dry overnight before .
they were moved to Building 9, where the WD CARC application was performed.

The mixing and application of the WD CARC topcoat began at ~0900 on 31 October 2000. It was
manufactured by the Sherwin-Williams (S-W) Company. Component A, the pigmented polyol
base, was product no. F93G502, S-W internal sales no. 6016-24133, lot no. 0X2090, manufactured
in Wichita, KS in July 2000. The color was Green 383, matching color number 34094 of FED-
STD-595 (13). The isocyanate catalyst was product no. V93V502, S-W internal sales no. 6016-
18077, lot no. 0X2360, manufactured in Wichita, KS in August 2000. The mixing ratio of the
coating is two parts by volume of component A to one part by volume of Component B. ARL and
S-W recommend reduction of this admix with 0.75 volumes of deionized water for spray
application. Two gal of component A were mechanically mixed on a paint shaker for ~10 min and
poured into a mixing container. One gal of component B was added, and the admix was stirred for
3 min using a hydraulically powered squirrel cage mixer. Then, 0.75 gal of deionized water was
added to the paint and mixed for 3 min using a hydraulically powered squirrel mixer. At the end of
the mixing procedure, the viscosity was checked with a no. 3 Zahn cup for the proper application
viscosity, between 13 and 18 s. The environmental conditions were noted (temperature and
relative humidity) prior to application of the paint.

Before the TYAD painters began to paint the selected equipment, they practiced on various
substrates in the spray booth to familiarize themselves with WD CARC application properties. In
all cases, Graco Delta 2000 HVLP siphon feed cup guns were used. They then painted the primed
test panels for subsequent performance testing. Between the hours of 1000 and 1500, the
following components were painted:

o 3 small AC units (9000 Btu) each with dimensions of ~26 in (Iength) x 26 in (width) x
16 in (height), .

« 1 large antenna pedestal base (no. 3199) (pyramidal frame shaped each leg ~4-5 ft),
1 small tripod (each leg ~3 ft long),

* 4 AN/TRC-170 antenna trailer components (~5 ft long, ~1-ft diameter),

4 legs to a 5-ton fuel trailer (~3 ft long, 12-ft base, 6-in-diameter shaft), and

¢ 2 GMS-250 shelters.




Although an occasional sag was observed, application went well. In general, atomization, leveling,
and film formation were satisfactory. While the tendency of a paint to sag and/or run depends on the
technique of the applicator in making adjustments to his equipment and on the design of the items
being painted (i.e., recessed areas, sharp edges, raised rivets, etc.), the painters learned quickly how
much wet coating to apply to provide the needed dry film thickness of ~2 mils without generating
sags. At the end of the shift, ~1 gal was unused. Since 3.75 gal were prepared at the start of the day,
2.75 gal were consumed in painting the various components and test panels.

On 1 November 2000 at ~0845, another kit of the S-W WD CARC was prepared as previously
described. The viscosity was checked with a no. 3 Zahn cup for proper application viscosity. The
equipment painted was one GMS-280 shelter with approximate dimensions of

12 ft (length) x 6 ft (width) x 7 ft (height). As with the day before, the painters indicated that the
coating applied well, and while a few sags were observed, upon most of the solvent flashing off, the
film was uniform, with few defects. Photographs were taken at various stages of the coating
application process (Figures 1-10).

Upon completion of the WD CARC application each day, the painters were asked to complete a WD
CARC Field Trial Application Survey developed by NSWCCD. The survey contained questions
about the mixing and spraying characteristics of the WD CARC as compared to the solvent-based
MIL-C-53039 normally used at TYAD. In addition, it asked for an overall general opinion of the
WD CARC as compared to the solvent-based CARC. The completed surveys from four painters are
found in Appendix C. By assigning numbers to the qualitative assessments, it became possible to
generate average ratings. The lowest number (1) reflected the much more difficult, much slower, and
much worse rating, and the highest number (5) reflected the much easier, much quicker, and much
better rating. The overall average opinion for the four painters indicted that the mixing of the WD
CARC with regard to complexity, ease, and time required was slightly worse (rating ~2) than MIL-
C-53039, the spray properties with regard to spray ease, spray quality, application rate, and applied
film quality were better (rating ~4), and overall, the WD CARC was considered better (rating ~4).
The mixing preference for MIL-C-53039 is likely due to the fact that it is a single component product
not requiring the premixing of two components, nor reduction for spray application in most cases.
Information about the WD CARC, including the technical data sheet, material safety data sheet
(MSDS), and certification by a manufacturer’s representative that the coating application process met
their guidelines is contained in Appendix D.

3. Verification Testing: ARL

The verification tests performed by ARL were extracted from the list developed for the Project
Technology Demonstration Plan. The list includes color, specular gloss, accelerated weathering,
DS2 resistance, chemical agent resistance, Equatorial Mirror Mount with water (EMMAQUA)




Figure 1. Test panels before application of WD CARC.

Figure 2. Application pressure pot and associated lines.
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Figure 5. Small tripod legs before application of WD CARC.

Figure 6. GMS-250 during application of WD CARC.
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Figure 8. 9000-Btu AC unit after application of WD CARC.
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Figure 9. GMS-250 after application of WD CARC.

Figure 10. GMS-250 after application of WD CARC.
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weathering (i.e., exterior weathering for panels prior to use at stripping demonstrations), coating
thickness, pull-off adhesion testing, impact resistance, flexibility, abrasion resistance, sag
resistance, and dynamic mechanical thermal analysis (DMTA). Specifically, ARL performed the
tests related to survivability, both camouflage and chemical warfare, and durability (i.e., color

and infrared reflectance, gloss, DS2 resistance, chemical agent resistance, dry film thickness, and
accelerated weathering).

3.1 Color

The color of the applied WD CARC was measured using a DataColor International CS-5
Chroma Sensor spectrophotometer in accordance with ASTM D 2244 (14) using standard
[lluminant C and the 2° observer data (Figure 11). The visual reflectance was 8.05, the
chromaticity was (0.3217, 0.3616), the infrared reflectance average was 43.33%, the red region
reflectance was 7.53%, and the infrared-to-red reflectance ratio was 5.75. All results fell within
the requirements for camouflage Green 383.

3.2 Specular Gloss

The specular gloss of the applied WD CARC was measured with a Byk-Gardner haze-gloss
reflectometer in accordance with ASTM D 523 (15). The 60° gloss was 0.7 and the 85° gloss
was 1.6, both of which were well within the requirements for camouflage topcoats of 1.0
maximum and 3.5 maximum at 60° and 85°, respectively.

3.3 DS2 Resistance

The DS2 resistance test was performed in accordance with the requirements of MIL-DTL-64159
(16). The procedure is essentially a spot test, in which the cured coating is exposed to DS2 for
1/2 hr, rinsed, and checked for such defects as blistering, film softening, wrinkling, or color
change. The only defect noted was a very slight color change of 0.5 National Bureau of
Standards (NBS) units, well within the allowable maximum color change of 2.5 NBS units.

3.4 Chemical Agent Resistance

The chemical agent resistance test was performed in accordance with the requirements of
MIL-DTL-64159. The procedure was updated in a joint effort between ARL and the U.S. Army
Edgewood Chemical and Biological Center at Aberdeen Proving Ground and incorporates

advances in instrumentation since the procedure developed for the original CARC topcoat
specifications.

3.4.1 Panel Preparation

Spray steel panels, zinc phosphate pretreated according to TT-C-490, type 1, with epoxy primer
conforming to MIL-P-53022 (/7) or MIL-P-53030 to a dry film thickness between 0.0009 and

0.0011 in. Air dry 2 hr and spray the coating to be tested to a dry film thickness between 0.0018
and 0.0022 in. Air dry the panels for 7 days.
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Figure 11. Reflectance results for TYAD demo Green 383.

14




3.4.2 Test Conditions

Because the desorption rate of agents from paint is temperature dependent, all agent tests will be
conducted at 25 °C. Extremely toxic materials are used in this testing. Agent HD, a vesicant
agent, is also a known carcinogen. Agent GD is a toxic nerve agent, exposure to which is
difficult to treat. Consequently, all work will be performed in an approved fume hood, and
appropriate measures to protect individuals at risk of exposure must be taken.

3.4.3 Test Apparatus

The test apparatus used for both HD and GD testing consist of a temperature controlled Plexiglas
box (~0.5 x 0.5 x 1 m) containing five separate test cells. Four of these cells are used to test
sample CARC panels; the fifth is used to test a control panel, all five tests to be run
simultaneously. The test cells are machined from aluminum and consist of two parts that are
clamped together to hold the test panels in place. A gastight seal is maintained by means of
O-rings. Agent desorbed from the test panels is entrained by dry nitrogen that passes through a
Miller-Nelson HCS401 temperature-humidity-flow controller, with final temperature controlled
by a YSI Model 72 proportional temperature controller. The nitrogen passes through an external
chamber fitted with a bleed valve before entering the test cells. Determine the agent recovered in
micrograms.

3.4.4 Test Procedure

Place a 5-cm? circular template on the area of the test panel to be contaminated with agent. Use a
grease pencil to mark a circle around the template; the grease mark serves to keep the agent from
spreading out of the designated area. Place 50 pL of agent (HD or GD) on the test area using a
microliter syringe. Place a glass cover slip (microscope slide) over the test area to minimize
evaporation of the agent. After 30 min remove the cover slip, rinse the agent from the panel with
isopropanol, and allow to air dry for ~45 s. Place the panel in the test cell, which has been
maintained at 25 °C, with the coated area positi